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(54) PIEZOELECTRIC POWER GENERATOR

(57) Provided is a piezoelectric power generation de-
vice that has high power generation efficiency and makes
a piezoelectric body hard to be broken.

A piezoelectric power generation device 21 includes
a plurality of power generation elements 22 each of which
has a support body 3A configured by a plate-like planar
portion having one main surface 3Aa and the other main
surface 3Ab and a projecting portion 3Ad projecting from
a center portion of the other main surface 3Ab, and a
piezoelectric body 4A provided on the one main surface
3Aa, and is arranged such that the piezoelectric body 4A
overlaps with the projecting portion when the support
body 3A is seen in plan view along a direction perpen-
dicular to the one main surface 3Aa, wherein the plurality

of power generation elements 22 overlap with each other
in the direction perpendicular to the one main surface
3Aa, the support body 3A in at least one of a pair of
adjacent power generation elements 22 includes a plu-
rality of support portions (leg portions) 3Ac projecting
from a peripheral edge portion of the planar portion, which
is located in an outer side portion relative to the center
portion, and the plurality of power generation elements
overlap with each other with the leg portions 3Ac inter-
posed therebetween such that the other main surface
3Ab and the one main surface 3Aa of the support bodies
3A of the pair of adjacent power generation elements 22
oppose each other.
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Description

Technical Field

[0001] The present invention relates to a piezoelectric
power generation device.

Background Art

[0002] A piezoelectric power generation device is used
as a power generation device using a piezoelectric ele-
ment. The following Patent Document 1 discloses an ex-
ample of the piezoelectric power generation device. The
piezoelectric power generation device includes a plurality
of laminated elastic bodies. Each elastic body has a disc-
like shape. Each elastic body has a recess portion be-
tween a doughnut-like outer circumferential portion and
a center portion. A piezoelectric element is provided in
the recess portion of each elastic body. The elastic bodies
are laminated while the above-described doughnut-like
outer circumferential portions are made to abut against
each other.
[0003] A piezoelectric power generation device dis-
closed in the following Patent Document 2 includes pres-
sure members provided with pressure elements having
convex lens-like shapes at the centers. The pressure
members are arranged between a plurality of laminated
piezoelectric elements. The respective piezoelectric el-
ements abut against the pressure elements.

Citation List

Patent Document

[0004]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 11-031854
Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2008-311529

Summary of Invention

Technical Problem

[0005] In the piezoelectric power generation devices
disclosed in Patent Documents 1 and 2, when load is
applied for power generation, stress is concentrated in a
portion to which the load is applied. Therefore, the pie-
zoelectric elements are easy to be broken.
[0006] In the piezoelectric power generation device
disclosed in Patent Document 1, the doughnut-like outer
circumferential portions of the respective elastic bodies
are made to abut against each other. A spring constant
thereof is therefore increased. Accordingly, a large load
is necessary for deforming the piezoelectric elements
and it is difficult to enhance power generation efficiency.
[0007] An object of the present invention is to provide

a piezoelectric power generation device that has high
power generation efficiency and makes a piezoelectric
body hard to be broken.

Solution to Problem

[0008] A piezoelectric power generation device ac-
cording to a wide aspect of the present invention includes
a plurality of power generation elements each of which
has a support body configured by a plate-like planar por-
tion having one main surface and the other main surface
and a projecting portion projecting from a center portion
of the other main surface of the planar portion, and a
piezoelectric body provided on the one main surface of
the planar portion, and is arranged such that the piezo-
electric body overlaps with the projecting portion when
the support body is seen in plan view along a direction
perpendicular to the one main surface of the planar por-
tion, wherein the plurality of power generation elements
overlap with one another in the direction perpendicular
to the one main surface, the support body in at least one
power generation element of a pair of adjacent power
generation elements includes a plurality of leg portions
projecting from a peripheral edge portion of at least a
main surface of the one main surface and the other main
surface of the planar portion at the other power genera-
tion element side, the peripheral edge portion being lo-
cated in an outer side portion relative to the center por-
tion, and the plurality of power generation elements over-
lap with each other with the leg portions interposed be-
tween the power generation elements such that the other
main surface of the support body of one power generation
element of the pair of adjacent power generation ele-
ments and the one main surface of the support body of
the other power generation element oppose each other.
[0009] In a specific aspect of the piezoelectric power
generation device according to the present invention,
when the piezoelectric body of one power generation el-
ement of the pair of adjacent power generation elements
is pressed to the other main surface side, the piezoelec-
tric body of the other power generation element is
pressed by the projecting portion of the one power gen-
eration element. In this case, since the plurality of power
generation elements overlap with one another, a pres-
sure load to the piezoelectric bodies, which is necessary
for providing a constant power generation amount, can
be reduced in comparison with the case of using a single
piezoelectric element. Accordingly, power generation ef-
ficiency can be enhanced.
[0010] In another specific aspect of the piezoelectric
power generation device according to the present inven-
tion, the projecting portion of the support body of each
power generation element makes contact with the pie-
zoelectric body of another power generation element,
which directly overlaps with the power generation ele-
ment at the other main surface side. In this case, the
respective piezoelectric bodies can be deformed with the
same curvature. Therefore, the power generation
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amounts of the respective power generation elements
can be made equivalent. This can reduce electric loss
when the power generation elements are connected in
parallel.
[0011] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the support body of at least one power gener-
ation element among the plurality of power generation
elements is formed such that a thickness of a center por-
tion of the projecting portion is larger than a thickness of
a peripheral edge portion located in an outer side portion
relative to the center portion. In this case, thickness dis-
tribution is formed concentrically from the center of the
support body, thereby uniformly moderating concentra-
tion of stress that is applied to the piezoelectric body
when a center portion of the piezoelectric body is
pressed. Accordingly, mechanical strength is increased
to further suppress breakage of the piezoelectric body.
[0012] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the projecting portion has a step portion of
equal to or more than one stages. In this case, a desired
place of another power generation element can be
pressed by decreasing the area of a thickest portion of
the support body, which makes contact with the stated
another power generation element. Therefore, all the
overlapped power generation elements can be made
easy to be deformed in the same manner, thereby sup-
pressing lowering of the power generation efficiency due
to variation in the power generation amount.
[0013] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the planar portion of the support body has a
polygonal shape and the leg portions project from verti-
ces of a polygon of the planar portion having the polyg-
onal shape. In this case, the leg portions project from the
vertices of the polygon. Therefore, a low spring constant
can be provided in comparison with the case in which
the leg portions project from the entire circumference of
the peripheral edge of the planar portion. Furthermore,
higher power generation efficiency can be provided in
comparison with the case in which the leg portions project
from places other than the vertices of the polygon.
[0014] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the projecting portion of the support body of at
least one power generation element among the plurality
of power generation elements has a circular planar shape
when the support body is seen in plan view along the
direction perpendicular to the one main surface of the
planar portion. In this case, concentration of stress that
is applied to the piezoelectric body when the center por-
tion of the piezoelectric body is pressed can be further
moderated. Accordingly, the piezoelectric body is harder
to be broken.
[0015] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the support body includes a plurality of leg por-

tions projecting from the other main surface of the planar
portion, and positions of end portions of the leg portions
at a farther side from the other main surface are positions
which are farther from the other main surface relative to
the projecting portion. In this case, a stack structure with
a reduced space can be provided.
[0016] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the respective power generation elements in-
clude external connection terminals which are electrically
connected to the piezoelectric bodies and have one of
through-holes and cutout portions in outer side portions
of the piezoelectric bodies, the piezoelectric power gen-
eration device further includes a pin that has first, second,
and third portions and has a configuration in which a
cross-sectional area of the second portion is smaller than
a cross-sectional area of the first portion, and a width of
the third portion is smaller than a width of the first portion
and is larger than a width of the second width, and the
second portion of which is inserted into one of the
through-holes and the cutout portions of the external con-
nection terminals of the respective power generation el-
ements, and a base member that has a hole portion into
which a portion of the pin containing the third portion is
inserted and is arranged so as to fasten the plurality of
external connection terminals together with the first por-
tion of the pin, and the pin is fixed to the base member.
In this case, breakage due to stress that is repeatedly
applied to the external connection terminals is hard to
occur.
[0017] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, the external connection terminals of the plu-
rality of power generation elements are arranged so as
to be aligned in a direction in which the plurality of power
generation elements are laminated, the external connec-
tion terminal of the power generation element which is
the closest to the first portion of the pin among the plurality
of power generation elements makes contact with the
first portion, and the plurality of external connection ter-
minals make contact with each other. In this case, break-
age due to stress that is repeatedly applied to the external
connection terminals is hard to occur.
[0018] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, a projection is provided on a surface of the pin
on which the first portion makes contact with the external
connection terminal. In this case, the plurality of external
connection terminals can be electrically connected to
each other more reliably.
[0019] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, a surface of the pin on which the first portion
makes contact with the external connection terminal is
inclined such that a thickness of the first portion is de-
creased toward an inner side from an outer peripheral
edge of the surface. In this case, the plurality of external
connection terminals can be electrically connected to
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each other more reliably.
[0020] A piezoelectric power generation device ac-
cording to another wide aspect of the present invention
includes a power generation element that has a support
body configured by a plate-like planar portion having one
main surface and the other main surface, a projecting
portion projecting from a center portion of the other main
surface of the planar portion, and a plurality of leg portions
projecting from a peripheral edge portion of at least one
of the one main surface and the other main surface of
the planar portion, the peripheral edge portion being lo-
cated in an outer side portion relative to the center por-
tion, and a piezoelectric body provided on the one main
surface of the planar portion, and is arranged such that
the piezoelectric body overlaps with the projecting portion
when the support body is seen in plan view along a di-
rection perpendicular to the one main surface of the pla-
nar portion, wherein the planar portion of the support
body has a polygonal shape, and the leg portions project
from vertices of a polygon of the planar portion having
the polygonal shape. In this case, the leg portions project
from the vertices of the polygon. Therefore, a low spring
constant can be provided in comparison with the case in
which the leg portions project from the entire circumfer-
ence of the peripheral edge of the planar portion. Fur-
thermore, high power generation efficiency can be pro-
vided in comparison with the case in which the leg por-
tions project from places other than the vertices of the
polygon.
[0021] In still another specific aspect of the piezoelec-
tric power generation device according to the present
invention, in the power generation element, the leg por-
tions are support points, the piezoelectric body is a force
point, and the projecting portion is an action point, and
when the piezoelectric body is pressed to the other main
surface side, the projecting portion acts on an external
part.

Advantageous Effects of Invention

[0022] According to the present invention, the thick-
ness of a support body is different between a center por-
tion and a peripheral edge portion. Therefore, when a
center portion of a piezoelectric body is pressed, con-
centration of stress that is applied to the piezoelectric
body can be moderated. Accordingly, a piezoelectric
power generation device that makes the piezoelectric
body hard to be broken and has high power generation
efficiency can be provided.

Brief Description of Drawings

[0023]

[Fig. 1] Fig. 1 is a front view of a piezoelectric power
generation device according to a first embodiment
of the present invention.
[Fig. 2] Fig. 2 is a perspective view of the piezoelec-

tric power generation device in the first embodiment
of the present invention.
[Fig. 3] Fig. 3 is a perspective view of a first power
generation element in the first embodiment of the
present invention.
[Fig. 4] Fig. 4 is a front view of the piezoelectric power
generation device, which illustrates deformation of
the piezoelectric power generation device when a
piezoelectric body of the first power generation ele-
ment is pressed to the lower side -in the first embod-
iment of the present invention.
[Fig. 5] Fig. 5 is a front view of a piezoelectric power
generation device in a comparative example.
[Fig. 6] Fig. 6 is a graph illustrating distribution of
stress, which is generated when a center portion of
a piezoelectric body is pressed to the lower side, in
a transverse direction of the center portion of the
piezoelectric body in the comparative example.
[Fig. 7] Fig. 7 is a graph illustrating distribution of
stress, which is generated when a center portion of
the piezoelectric body is pressed to the lower side,
in a transverse direction of the center portion of the
piezoelectric body in the first embodiment of the
present invention.
[Fig. 8] Fig. 8 is a perspective view of a piezoelectric
power generation device according to a first variation
on the first embodiment of the present invention.
[Fig. 9] Fig. 9 is a partially cutout front view illustrating
an example in which a piezoelectric power genera-
tion device according to a second variation on the
first embodiment of the present invention is mounted.
[Fig. 10] Fig. 10 is a front view of a piezoelectric pow-
er generation device according to a second embod-
iment of the present invention.
[Fig. 11] Fig. 11 is a graph illustrating distribution of
stress, which is generated when a center portion of
a piezoelectric body is pressed to the lower side, in
a transverse direction of the center portion of the
piezoelectric body in the second embodiment of the
present invention.
[Fig. 12] Fig. 12 is a perspective view of a first power
generation element in a first variation on the second
embodiment of the present invention.
[Fig. 13] Fig. 13 is a perspective view of a first power
generation element in a second variation on the sec-
ond embodiment of the present invention.
[Fig. 14] Fig. 14 is a front view of a piezoelectric pow-
er generation device according to a third embodi-
ment of the present invention.
[Fig. 15] Fig. 15 is a graph illustrating a relation be-
tween the number of divisions of a piezoelectric body
and a spring constant.
[Fig. 16] Fig. 16 is a front view of a piezoelectric pow-
er generation device according to a fourth embodi-
ment of the present invention.
[Fig. 17] Fig. 17 is an exploded perspective view of
a piezoelectric power generation device according
to a fifth embodiment of the present invention.
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[Fig. 18] Fig. 18 is an exploded perspective view of
a piezoelectric element in the fifth embodiment of
the present invention.
[Fig. 19] Fig. 19 is a cross-sectional view along line
C-C in Fig. 18.
[Fig. 20] Fig. 20 is a front view of first and second
pins in the fifth embodiment of the present invention.
[Fig. 21] Fig. 21 is a plan view of the first and second
pins in the fifth embodiment of the present invention.
[Fig. 22] Fig. 22 is a front view of first and second
pins in a first variation on the fifth embodiment of the
present invention.
[Fig. 23] Fig. 23 is a front cross-sectional view of first
and second pins in a second variation on the fifth
embodiment of the present invention.
[Fig. 24] Fig. 24 is a perspective view of a power
generation element in a sixth embodiment of the
present invention.

Description of Embodiments

[0024] Hereinafter, the present invention will be made
clear by describing specific embodiments of the present
invention with reference to the drawings.
[0025] It should be noted that respective embodiments
which are described in the specification are exemplary
and partial replacement or combination of components
between different embodiments can be made.

(First Embodiment)

[0026] Fig. 1 is a front view of a piezoelectric power
generation device according to a first embodiment of the
present invention. Fig. 2 is a perspective view of the pi-
ezoelectric power generation device in the first embodi-
ment of the present invention.
[0027] As illustrated in Fig. 1, a piezoelectric power
generation device 1 includes a first power generation el-
ement 2A and a second power generation element 2B.
In Fig. 1, the first power generation element 2A is pro-
vided on the second power generation element 2B.
[0028] The first power generation element 2A includes
a support body 3A and a piezoelectric body 4A.
[0029] The support body 3A is made of, for example,
a conductive material such as metal or alloy or an insu-
lating material such as a ceramic material. The support
body 3A includes a planar portion, a projecting portion
3Ad, and support portions 3Ac as leg portions. The planar
portion, the projecting portion 3Ad, and the support por-
tions 3Ac of the support body 3A are integrally formed.
The planar portion of the support body 3A has a rectan-
gular plate shape and has an upper surface 3Aa as one
main surface and a lower surface 3Ab as the other main
surface. The projecting portion 3Ad of the support body
3A is provided on the lower surface 3Ab of the planar
portion of the support body 3A. The projecting portion
3Ad of the support body 3A projects from a center portion
of the planar portion of the support body 3A. The project-

ing portion 3Ad has a circular shape when the support
body 3A is seen in bottom view along a direction perpen-
dicular to the lower surface 3Ab of the support body 3A
with reference to Fig. 3. The center of the support body
3A and the center of the projecting portion 3Ad overlap
with each other. A direction in which the upper surface
3Aa and the lower surface 3Ab of the support body 3A
oppose each other is defined as an up-down direction.
The up-down direction in the specification may not be
identical to a vertical direction. When the support body
3A is seen in plan view along the direction perpendicular
to the upper surface 3Aa of the planar portion, a place
of the planar portion of the support body 3A on which the
projecting portion 3Ad is provided is defined as the center
portion and a region of the planar portion of the support
body 3A in an outer side portion relative to the center
portion is defined as a peripheral edge portion.
[0030] As illustrated in Fig. 2, the support portions 3Ac
of the support body 3A project in the up-down direction
from respective vertices of the peripheral edge portion
of the lower surface 3Ab. As is described in detail, the
planar portion is formed by the rectangular plate and the
plurality of support portions 3Ac therefore project from
the vertices of the peripheral edge portion in the outer
side portion relative to the center portion. Positions of
end portions of the support portions 3Ac at the lower sur-
face 3Ab side are positions which are farther from the
lower surface 3Ab relative to the projecting portion 3Ad.
[0031] Although the four support portions 3Ac project
from the respective vertices of the rectangular plate-
shaped planar portion of the support body 3A in Fig. 2,
the support portions 3Ac may not necessarily project from
all of the vertices of the planar portion. It is sufficient that
the support portions 3Ac project from at least one of the
upper surface 3Aa and the lower surface 3Ab of the pla-
nar portion.
[0032] Although the projecting portion 3Ad and the
support portions 3Ac are integrally molded with the planar
portion, the projecting portion 3Ad and the support por-
tions 3Ac as separate bodies may be bonded to the pla-
nar portion.
[0033] The piezoelectric body 4A is provided on the
upper surface 3Aa of the support body 3A. The piezoe-
lectric body 4A has a rectangular plate shape. The pie-
zoelectric body 4A is arranged so as to overlap with the
projecting portion 3Ad when the support body 3A is seen
in plan view along the direction perpendicular to the upper
surface 3Aa. Therefore, the piezoelectric body 4A and
the projecting portion 3Ad overlap with each other when
seen in plan view in the above-described manner. To be
more specific, the piezoelectric body 4A covers the pro-
jecting portion 3Ad when seen in plan view in the above-
described manner. The outer peripheral edge of the pi-
ezoelectric body 4A is located in an outer side portion
relative to the outer peripheral edge of the projecting por-
tion 3Ad. The shape of the piezoelectric body 4A is not
particularly limited. The piezoelectric body 4A is made
of, for example, a piezoelectric single crystal, piezoelec-
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tric ceramics, or the like.
[0034] The second power generation element 2B has
the same configuration as the first power generation el-
ement 2A. The second power generation element 2B in-
cludes a support body 3B and a piezoelectric body 4B.
The support body 3B includes a planar portion having an
upper surface 3Ba as one main surface and a lower sur-
face 3Bb as the other main surface, a projecting portion
3Bd, and support portions 3Bc as leg portions. The first
power generation element 2A and the second power gen-
eration element 2B are arranged so as to be adjacent to
each other in the up-down direction. That is to say, the
first power generation element 2A and the second power
generation element 2B overlap with each other in the
direction perpendicular to the upper surface 3Aa. To be
more specific, the pair of adjacent power generation el-
ements are arranged such that the lower surface 3Ab of
the support body 3A of the first power generation element
2A and the upper surface 3Ba of the support body 3B of
the second power generation element 2B oppose each
other. The first power generation element 2A and the
second power generation element 2B overlap with each
other with the support portions 3Ac of the first power gen-
eration element 2A interposed therebetween.
[0035] It is sufficient that the support portions project
from the peripheral edge portion of at least the main sur-
face of one main surface and the other main surface of
the planar portion of at least one power generation ele-
ment of the pair of adjacent power generation elements
at the other power generation element side, the periph-
eral edge portion being located in the outer side portion
relative to the center portion. That is to say, in Fig. 1, the
support portions 3Ac of the first power generation ele-
ment 2A are essential support portions whereas the sup-
port portions 3Bc are not essential. Furthermore, it is suf-
ficient that the support portions are provided between the
first power generation element 2A and the second power
generation element 2B. For example, the configuration
in which the first power generation element 2A includes
no support portion whereas the second power generation
element 2B includes support portions projecting to the
first power generation element 2A side is also encom-
passed in the scope of the present invention.
[0036] In the piezoelectric power generation device 1,
the support portions 3Bc are support points, the piezoe-
lectric body 4A is a force point, and the projecting portion
3Bd is an action point. When the piezoelectric body 4A
is pressed to the lower surface side, the projecting portion
3Bd acts on an external part.
[0037] When the piezoelectric power generation de-
vice 1 is not pressed, the piezoelectric power generation
device 1 is in a state of Fig. 1. The projecting portion 3Ad
of the support body 3A of the first power generation ele-
ment 2A makes contact with the piezoelectric body 4B
of the second power generation element 2B which is di-
rectly overlapped therewith at the side of the lower sur-
face 3Ab of the support body 3A. When the piezoelectric
power generation device 1 is pressed, the piezoelectric

power generation device 1 is deformed as illustrated in
Fig. 4. When the piezoelectric body 4A of the first power
generation element 2A is pressed to the downward di-
rection side in Fig. 4, the projecting portion 3Ad provided
on the lower surface 3Ab of the support body 3A of the
first power generation element 2A is deformed in the
downward direction. The projecting portion 3Ad of the
first power generation element 2A presses the piezoe-
lectric body 4B of the second power generation element
2B and the piezoelectric body 4B is deformed in the
downward direction. Accordingly, the piezoelectric bod-
ies 4A and 4B of the first and second power generation
elements 2A and 2B are deformed simultaneously in the
same manner. A piezoelectric effect with the deformation
generates electric charges and electric power can be tak-
en. When the pressing on the piezoelectric power gen-
eration device 1 is stopped, the piezoelectric power gen-
eration device 1 is returned to the state of Fig. 1.
[0038] Hereinafter, difference between the first em-
bodiment and a comparative example will be described.
Fig. 5 is a front view of a piezoelectric power generation
device in the comparative example. Support bodies 103
of respective power generation elements 102 in a piezo-
electric power generation device 101 include no project-
ing portion. The piezoelectric power generation device
101 has the same configuration as that of the piezoelec-
tric power generation device 1 in the first embodiment
other than the above-described point.
[0039] When the piezoelectric body 4A is pressed,
stress in accordance with the pressure amount thereof
is generated. For example, when the center portion of
the piezoelectric body 4A is pressed, the stress has dis-
tribution about the pressed portion as a center. Fig. 6 is
a graph illustrating the distribution of the stress, which is
generated when the center portion of the piezoelectric
body is pressed to the lower side, in a transverse direction
of the center portion of the piezoelectric body in the com-
parative example. In this case, in the piezoelectric power
generation device 101, as illustrated in Fig. 6, the stress
is concentrated on a portion on which the piezoelectric
body 4A is pressed, that is, the center portion thereof.
Concentration of the stress at one point causes the pie-
zoelectric body 4A to be broken in some cases.
[0040] On the other hand, Fig. 7 is a graph illustrating
distribution of the stress, which is generated when the
center portion of the piezoelectric body is pressed to the
lower side, in a transverse direction of the center portion
of the piezoelectric body in the first embodiment. Dashed
lines A in Fig. 7 indicate positions of the outer peripheral
edge of the projecting portion of the support body. It is
found that in the piezoelectric power generation device
1 in the embodiment, a maximum value of the stress is
smaller than that in the comparative example, as illus-
trated in Fig. 7 .
[0041] In the embodiment, the support body 3A of the
first power generation element 2A includes the projecting
portion 3Ad. The length in the up-down direction is de-
fined as the thickness herein. As described above, the
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center portion of the projecting portion 3Ad and the center
portion of the piezoelectric body 4A overlap with each
other when seen in plan view from the side of the upper
surface 3Aa of the support body 3A. Therefore, the thick-
ness of the support portions 3Ac is large in the portion
on which the stress is concentrated when the center por-
tion of the piezoelectric body 4A is pressed. The thick-
ness of the support body is different between the center
portion and the peripheral edge portion. With this, con-
centration of the stress that is applied to the piezoelectric
body when the center portion of the piezoelectric body
is pressed can be moderated. That is to say, the maxi-
mum value of the stress can be decreased and the dis-
tribution of the stress can be made uniform. Accordingly,
the piezoelectric power generation device that makes the
piezoelectric body hard to be broken and has high power
generation efficiency can be provided.
[0042] It should be noted that the center portion of the
support body, the center portion of the projecting portion
of the support body, and the center portion of the piezo-
electric body may not necessarily overlap with one an-
other when seen in plan view from the side of the upper
surface of the support body. It is needless to say that as
in the embodiment, overlap of the center portion of the
projecting portion 3Ad and the center portion of the pie-
zoelectric body 4A when seen in plan view in the above-
described manner can moderate concentration of the
stress. Furthermore, the center portion of the piezoelec-
tric body 4A and the center portion of the support body
3A overlap with each other when seen in plan view in the
above-described manner, so that the piezoelectric body
4A can be largely deformed, thereby effectively enhanc-
ing the power generation efficiency.
[0043] The planar shapes of the projecting portions
3Ad and 3Bd of the support bodies 3A and 3B of the first
and second power generation elements 2A and 2B are
preferably circular shapes. Accordingly, the distribution
of the stress can be made uniform.
[0044] As illustrated in Fig. 2, in the embodiment, the
support portions 3Ac of the first power generation ele-
ment 2A are provided at the respective vertices of the
lower surface 3Ab of the support body 3A. Therefore, the
support body 3A can be easily deformed when being
pressed to the lower side. The same holds true for the
second power generation element 2B. A spring constant
of the piezoelectric power generation device 1 for the
above-described deformation is low. Accordingly, power
can be generated with a small load, thereby enhancing
the power generation efficiency.
[0045] Furthermore, the support portions 3Ac and 3Bc
of the first and second power generation elements 2A
and 2B are arranged isotropically relative to the center
portions of the support bodies 3A and 3B, respectively,
when seen in bottom view from the side of the lower sur-
face 3Bb of the support body 3B of the second power
generation element 2B. This arrangement manner ena-
bles the support bodies 3A and 3B to be isotropically
deformed. Therefore, the distribution of the stress can

be made uniform. Accordingly, the power generation ef-
ficiency can be enhanced.
[0046] The support bodies may have polygonal planar
shapes other than the rectangular shapes or circular pla-
nar shapes. Also in this case, the support portions are
preferably arranged isotropically relative to the center
portions of the support bodies when seen in bottom view
from the side of the lower surface of the support body.
[0047] As illustrated in Fig. 1, in the embodiment, the
outer peripheral edge of the piezoelectric body 4A of the
first power generation element 2A is located in the outer
side portion relative to the outer peripheral edge of the
projecting portion 3Ad of the support body 3A. In the
same manner, the outer peripheral edge of the piezoe-
lectric body 4B of the second power generation element
2B is also located in an outer side portion relative to the
outer peripheral edge of the projecting portion 3Bd of the
support body 3B. Therefore, the support bodies 4A and
4B can be largely deformed. In addition, the spring con-
stant of the piezoelectric power generation device 1 can
be lowered because the areas of the projecting portion
3Ad and 3Bd are small.
[0048] As in a piezoelectric power generation device
41 in a first variation, which is illustrated in Fig. 8, for
example, support portions 43Ac may be provided on the
entire two opposing sides on the outer peripheral edge
of a support body 43A of a first power generation element
42A. In this case, bonding strength between the first pow-
er generation element 42A and a second power gener-
ation element 42B can be increased. Similar support por-
tions 43Bc may be provided on a support body 43B of
the second power generation element 42B.
[0049] The piezoelectric power generation device 1 in
the embodiment is mounted on an external part from the
lower side of the second power generation element 2B.
In the embodiment, end portions 3Bc1 of the support por-
tions 3Bc of the second power generation element 2B at
the lower side are located at the lower side relative to the
projecting portion 3Bd. In this case, the piezoelectric
power generation device 1 is supported by the support
portions 3Bc of the second power generation element
2B. Therefore, when the first power generation element
2A is pressed to the lower side, the piezoelectric bodies
4A and 4B of the first and second power generation el-
ements 2A and 2B can be easily deformed.
[0050] A position at which the support portions are pro-
vided is not limited to the lower surface of the support
body. For example, the support portions may be provided
on the upper surface and the lower surface of the support
bodies of the first and second power generation ele-
ments. In this case, for example, the support portions of
the first power generation element and the support por-
tions of the second power generation element may be
bonded to each other.
[0051] The second power generation element may
have the configuration which is different from that of the
first power generation element.
[0052] In a piezoelectric power generation device 51
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in a second variation, which is illustrated in Fig. 9, support
portions 53Bc are provided on an upper surface 53Ba of
a support body 53B of a second power generation ele-
ment 52B whereas no support portion is provided on a
support body 53A of a first power generation element
52A. The piezoelectric power generation device 51 can
be mounted on a part with a recess portion 55. To be
more specific, the piezoelectric power generation device
51 can be mounted in the case in which a projecting por-
tion 53Bd of the support body 53B of the second power
generation element 52B is located in the recess portion
55 when it is mounted.
[0053] In the embodiment, the projecting portion 3Ad
of the support body 3A of the first power generation ele-
ment 2A makes contact with the piezoelectric body 4B
of the second power generation element 2B. With this
contact, when the first power generation element 2A is
pressed to the lower side, the second power generation
element 2B can be deformed with the same extent as
that of the deformation of the first power generation ele-
ment 2A. It should be noted that the projecting portion of
the support body of the first power generation element
may not necessarily make contact with the piezoelectric
body of the second power generation element. It is suf-
ficient that at least the piezoelectric body of the second
power generation element is pressed by the above-de-
scribed projecting portion when the first power generation
element is pressed to the lower side.
[0054] Although not illustrated in the drawings, elec-
trodes are provided on the upper surfaces 3Aa and 3Ba
and the lower surfaces 3Ab and 3Bb of the piezoelectric
bodies 4A and 4B of the first and second power gener-
ation elements 2A and 2B in the embodiment. Extended
electrodes are respectively connected to the electrodes.
The piezoelectric bodies 4A and 4B are electrically con-
nected to an external part with the extended electrodes.
It should be noted that the configuration in which the pi-
ezoelectric bodies are electrically connected to the ex-
ternal part is not particularly limited.
[0055] For example, electrode films may be provided
so as to cover the upper surfaces of the piezoelectric
bodies of the first and second power generation ele-
ments. In the same manner, electrode films may be pro-
vided so as to cover the lower surfaces of the respective
piezoelectric bodies. When the support bodies are made
of metal, for example, it is sufficient that insulating films
are provided between the electrode films on the lower
surfaces of the piezoelectric bodies and the upper sur-
faces of the support bodies in the respective power gen-
eration elements. In addition, it is sufficient that an insu-
lating film is provided between the electrode film on the
upper surface of the piezoelectric body of the second
power generation element and the projecting portion of
the support body of the first power generation element.
With the insulating films, electric short-circuit between
the respective electrode films and the respective support
bodies can be prevented. When the respective support
bodies are made of an insulating material, short-circuit

does not occur between the respective electrodes and
the respective support bodies.
[0056] For example, bonding wires, flexible Cu sub-
strates, or the like can be used as the above-described
extended electrodes.

(Second Embodiment)

[0057] Fig. 10 is a front view of a piezoelectric power
generation device according to a second embodiment of
the present invention.
[0058] In a piezoelectric power generation device 11,
shapes of projecting portions 13Ad and 13Bd of support
bodies 13A and 13B of first and second power generation
elements 12A and 12B are different from those in the first
embodiment. The piezoelectric power generation device
11 has the same configuration as that of the piezoelectric
power generation device 1 in the first embodiment other
than the above-described point.
[0059] The projecting portion 13Ad of the support body
13A of the first power generation element 12A has a base
portion 13Ad0 and a step portion 13Ad1 of one stage.
[0060] The base portion 13Ad0 is provided on the lower
surface of the planar portion of the support body 13A.
The base portion 13Ad0 projects from a center portion
of the planar portion of the support body 13A. The base
portion 13Ad0 has a circular shape when the support
body 13A is seen in bottom view along a direction per-
pendicular to the lower surface of the support body 13A.
The center of the support body 13A and the center of the
base portion 13Ad0 overlap with each other.
[0061] The step portion 13Ad1 is provided on the sur-
face of the base portion 13Ad0 at the opposite side to
the planar portion of the support body 13A. The step por-
tion 13Ad1 projects from a center portion of the base
portion 13Ad0. The step portion 13Ad1 has a circular
shape when the support body 13A is seen in bottom view
along the direction perpendicular to the lower surface of
the support body 13A. The center of the base portion
13Ad0 and the center of the step portion 13Ad1 overlap
with each other. When the support body 13A is seen in
plan view along a direction perpendicular to the upper
surface of the above-described planar portion, a place
of the planar portion of the base portion 13Ad0 on which
the step portion 13Ad1 is provided is defined as the center
portion and a region of the planar portion of the base
portion 13Ad0 in an outer side portion relative to the cent-
er portion is defined as a peripheral edge portion. The
support body 13A of the first power generation element
12A is formed such that the thickness of the center portion
of the projecting portion 13Ad is larger than the thickness
of the peripheral edge portion in the outer side portion
relative to the above-described center portion. The thick-
ness of the support body 13A is the largest in a region in
which the step portion 13Ad1 of the projecting portion
13Ad is provided other than support portions 13Ac. A
region in which the base portion 13Ad0 of the projecting
portion 13Ad is provided has the second largest thick-
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ness. A portion of the support body 13A in which the
projecting portion 13Ad is not provided has the smallest
thickness. Thus, the support body 13A has distribution
of the thickness.
[0062] That is to say, the thickness of the support body
13A is the largest in a portion on which stress is most
concentrated when the center portion of the piezoelectric
body 4A is pressed. As described above, the region in
which the base portion 13Ad0 of the projecting portion
13Ad is provided has the second largest thickness.
Therefore, the thickness of the support body 13A is large
also in the surrounding of the portion on which the stress
is concentrated at the highest level. The same holds true
for the second power generation element 12B. Accord-
ingly, concentration of the stress can be further moder-
ated.
[0063] Fig. 11 is a graph illustrating distribution of the
stress, which is generated when the center portion of the
piezoelectric body is pressed to the lower side, in a trans-
verse direction of the center portion of the piezoelectric
body in the second embodiment. Dashed lines B and C
in Fig. 11 indicate positions of the outer peripheral edges
of the respective stages of the projecting portion of the
support body.
[0064] As illustrated in Fig. 11, it is found that the stress
is effectively dispersed and a maximum value of the
stress is smaller. Accordingly, the piezoelectric power
generation device that makes the piezoelectric body hard
to be broken and has high power generation efficiency
can also be provided in the second embodiment.
[0065] As described above, the position of the step por-
tion of the above-described projecting portion is not par-
ticularly limited. A position at which the piezoelectric body
is pressed with the projecting portion can be adjusted by
adjusting arrangement of the step portion.
[0066] The projecting portion may have a step portion
of equal to or more than one stage. In this case, the stress
can be further dispersed. Alternatively, for example, as
in a first power generation element 62A in a first variation
on the second embodiment, which is illustrated in Fig.
12, a projecting portion 63Ad of a support body 63A may
have a quadrangular pyramid-like shape. Even in this
case, the same effects as those in the second embodi-
ment can be provided. As in a first power generation el-
ement 72A in a second variation on the second embod-
iment, which is illustrated in Fig. 13, a projecting portion
73Ad of a support body 73A may have a truncated quad-
rangular pyramid-like shape. Even in this case, the same
effects as those in the second embodiment can be pro-
vided.

(Third embodiment)

[0067] Fig. 14 is a front view of a piezoelectric power
generation device according to a third embodiment.
[0068] A piezoelectric power generation device 21 is
different from the first embodiment in a point that it in-
cludes equal to or more than three power generation el-

ements 22. The respective power generation elements
22 have the same configuration as that of the first power
generation element 2A in the first embodiment.
[0069] In the piezoelectric power generation device 21,
the plurality of power generation elements 22 are lami-
nated in the up-down direction. The respective power
generation elements 22 overlap with one another in the
same manner as the first and second power generation
elements 2A and 2B in the first embodiment. When the
piezoelectric body 4A of the uppermost power generation
element 22 in the piezoelectric power generation device
21 is pressed to the lower side, the piezoelectric bodies
4A of the respective power generation elements 22 other
than the uppermost power generation element 22 are
also pressed by the projecting portions 3Ad of the re-
spective support bodies 3A.
[0070] The piezoelectric bodies 4A are hard to be de-
formed as cross-sectional secondary moments of the pi-
ezoelectric bodies 4A are larger. The cross-sectional
secondary moments of the piezoelectric bodies 4A in the
embodiment can be expressed by an equation of I =
bh3/12 when the thickness of each piezoelectric body 4A
is h and the length of the piezoelectric body 4A in the
transverse direction is b. In this manner, the unlikeliness
of deformation of the piezoelectric body 4A is proportion-
ate to the cube of the thickness of the piezoelectric body
4A.
[0071] Fig. 15 is a graph illustrating a relation between
the number of divisions of the piezoelectric body and a
spring constant. The total volume of the piezoelectric
body is constant regardless of the number of divisions.
[0072] In Fig. 15, when the number of division of the
piezoelectric body is 1, the piezoelectric body is not di-
vided. The spring constant when the number of divisions
is 2 is lower than that when the number of division of the
piezoelectric body is 1. The spring constant when the
number of divisions is 3 is lower than that when the
number of divisions of the piezoelectric body is 2. It is
found that when the total volume of the piezoelectric body
is the same, the spring constant is lower as the number
of divisions of the piezoelectric body is increased. There-
fore, the piezoelectric body is easier to be deformed as
the number of divisions of the piezoelectric body is larger.
[0073] A curve in Fig. 15 can be expressed by an equa-
tion of y = 168.83x-1.849 when the spring constant is y
and the number of divisions of the piezoelectric body is x.
[0074] By referring to Fig. 14 again, the plurality of pi-
ezoelectric bodies 4A are simultaneously pressed in the
embodiment. As is obvious from the equation of the
cross-sectional secondary moment and Fig. 15, the plu-
rality of piezoelectric bodies 4A can be deformed with a
smaller load. Accordingly, power generation efficiency
can be further enhanced.
[0075] Although the respective power generation ele-
ments 22 have the same configuration in the embodi-
ment, they may have different configurations. For exam-
ple, the plurality of power generation elements may in-
clude a power generation element with no support por-
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tion. In this case, it is sufficient that this power generation
element overlaps with the adjacent power generation el-
ement with the support portions of the power generation
element adjacent to the power generation element inter-
posed therebetween.
[0076] Alternatively, the respective projecting portions
of the respective support bodies may have different
shapes. It is needless to say that the respective projecting
portions 3Ad having the same shape as in the embodi-
ment are more preferable. With the same shape of the
respective projecting portions 3Ad, the respective sup-
port bodies 4A can be deformed with the same curvature.
Accordingly, the power generation amounts of the re-
spective power generation elements 22 can be made
equivalent to one another. This can reduce electric loss
when the power generation elements 22 are connected
in parallel.

(Fourth embodiment)

[0077] Fig. 16 is a front view of a piezoelectric power
generation device according to a fourth embodiment.
[0078] A piezoelectric power generation device 31 is
different from the first embodiment in a point that it in-
cludes one power generation element 22. The power
generation element 22 has the same configuration as the
first power generation element 2A in the first embodi-
ment.
[0079] Thus, the piezoelectric power generation de-
vice 31 may be configured by one power generation el-
ement 22. Also in this case, stress can be dispersed in
the same manner as the first embodiment. Therefore,
the piezoelectric body 4A is hard to be broken.
[0080] As in the second variation on the first embodi-
ment, which is illustrated in Fig. 9, the support body of
the piezoelectric power generation device may include
no support portion when it is mounted on a part with a
recess portion.
[0081] Fig. 17 is an exploded perspective view of a
piezoelectric power generation device according to a fifth
embodiment.
[0082] A piezoelectric power generation device 81 is
different from the third embodiment in a point that it in-
cludes first and second external connection terminals
86a and 86b which are respectively connected to piezo-
electric bodies 84 of respective power generation ele-
ments 82. The piezoelectric power generation device 81
includes first and second pins 87a and 87b that are elec-
trically connected to the plurality of first and second ex-
ternal connection terminals 86a and 86b and a flexible
print substrate 88. Furthermore, the piezoelectric power
generation device 81 includes a base member 89 fixing
the first and second pins 87a and 87b. The piezoelectric
power generation device 81 is also different from the pi-
ezoelectric power generation device in the third embod-
iment in these points.
[0083] Each power generation element 82 has a pie-
zoelectric element 84X including the piezoelectric body

84 and the first and second external connection terminals
86a and 86b. The piezoelectric element 84X is described
in detail.
[0084] Fig. 18 is an exploded perspective view of the
piezoelectric element in the fifth embodiment of the
present invention. Fig. 19 is a cross-sectional view along
line C-C in Fig. 18. In Fig. 19, the first and second external
connection terminals are omitted.
[0085] As illustrated in Fig. 19, in the embodiment, the
piezoelectric body 84 is formed by laminating a plurality
of piezoelectric layers. The piezoelectric body 84 is made
of, for example, PZT-based piezoelectric ceramics.
[0086] A plurality of first and second inner electrodes
83Ba and 83Bb are laminated between the plurality of
piezoelectric layers. To be more specific, the first inner
electrodes 83Ba and the second inner electrodes 83Bb
are alternately laminated so as to oppose each other with
the piezoelectric layers interposed therebetween.
[0087] A first outer electrode 83Aa is continuously pro-
vided from an upper surface 84a to a lower surface 84b
of the piezoelectric body 84 in Fig. 19 while passing
through a side surface 84c. In the same manner, a sec-
ond outer electrode 83Ab is continuously provided from
the upper surface 84a to the lower surface 84b of the
piezoelectric body 84 while passing through the side sur-
face 84c. The first and second outer electrodes 83Aa and
83Ab may be provided on the same side surface 84c or
may be provided on the different side surfaces 84c. It is
sufficient that the first and second outer electrodes 83Aa
and 83Ab are provided so as not to be electrically con-
nected to each other.
[0088] The first and second outer electrodes 83Aa and
83Ab can be formed by, for example, a sputtering meth-
od. In the embodiment, each of the first and second outer
electrodes 83Aa and 83Ab is a layered metal film formed
by laminating a nichrome layer, a monel layer, and an
Au layer in this order from the piezoelectric body 84 side.
The materials of the first and second outer electrodes
83Aa and 83Ab are not limited to the above-mentioned
ones.
[0089] The plurality of first inner electrodes 83Ba are
connected to the first outer electrode 83Aa. The plurality
of second inner electrodes 83Bb are connected to the
second outer electrode 83Ab.
[0090] A cover layer 85 is provided on the upper sur-
face 84a of the piezoelectric body 84. The cover layer 85
is made of, for example, polyimide. The thickness of the
cover layer 85 is not particularly limited but is 12.5 mm in
the embodiment. The cover layer 85 can be bonded to
the piezoelectric body 84 with an epoxy-based adhesive
or the like. Foreign matters are made hard to adhere to
the first and second outer electrodes 83Aa and 83Ab by
providing the cover layer 85. In addition, the cover layer
85 can increase the strength of the piezoelectric element
84X. It should be noted that the piezoelectric element
84X may include no cover layer 85.
[0091] As illustrated in Fig. 18, the first external con-
nection terminal 86a is connected to the first outer elec-
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trode 83Aa with a conductive adhesive 90a interposed
therebetween. In the same manner, the second external
connection terminal 86b is connected to the second outer
electrode 83Ab with a conductive adhesive 90b inter-
posed therebetween.
[0092] The first inner electrode 83Ba and the second
inner electrode 83Bb illustrated in Fig. 19 have different
potentials when the piezoelectric body 84 is deformed.
The first and second external connection terminals 86a
and 86b are electrically connected to the first and second
inner electrodes 83Ba and 83Bb with the first and second
outer electrodes 83Aa and 83Ab interposed therebe-
tween, respectively. The first external connection termi-
nal 86a and the second external connection terminal 86b
are connected to different potentials. With this, power
can be taken out of the power generation element 82 with
the first and second external connection terminals 86a
and 86b interposed therebetween.
[0093] Each of the first and second external connection
terminals 86a and 86b can be formed by, for example,
laminating an Au layer on a main material made of phos-
phor bronze. As a foundation of the Au layer, a Ni layer
may be laminated on the main material made of phosphor
bronze. For example, an epoxy-based adhesive contain-
ing Ag, or the like, can be used for the conductive adhe-
sives 90a and 90b.
[0094] Portions of the first and second external con-
nection terminals 86a and 86b, which are connected to
the first and second inner electrodes 83Aa and 83Ab, are
interposed between the first and second outer electrodes
83Aa and 83Ab and the cover layer 85.
[0095] By referring to Fig. 17 again, through-holes
86a1 and 86b1 are provided on the first and second ex-
ternal connection terminals 86a and 86b, respectively.
The first external connection terminals 86a of the plurality
of power generation elements 82 are arranged so as to
be aligned in the direction in which the plurality of power
generation elements 82 are laminated. The second ex-
ternal connection terminals 86b of the plurality of power
generation elements 82 are also arranged so as to be
aligned in the direction in which the plurality of power
generation elements 82 are laminated.
[0096] As is indicated by dashed line A in Fig. 17, the
above-described first pin 87a is inserted into the through-
holes 86a1 of the respective first external connection ter-
minals 86a. As is indicated by dashed line B, the above-
described second pin 87b is inserted into the through-
holes 86b1 of the respective second external connection
terminals 86b. To be more specific, second portions,
which will be described later, of the first and second pins
87a and 87b are inserted into the through-holes 86a1
and 86b1.
[0097] Fig. 20 is a front view of the first and second
pins in the fifth embodiment. Fig. 21 is a plan view of the
first and second pins in the fifth embodiment. Dashed
lines in Fig. 20 indicate boundaries between first to third
portions.
[0098] As illustrated in Fig. 20, the first pin 87a has first

to third portions 87a1 to 87a3. The first portion 87a1 is
continuous to the second portion 87a2 and the second
portion 87a2 is continuous to the third portion 87a3.
[0099] As illustrated in Fig. 21, in the embodiment, the
planar shapes of the first and second portions 87a1 and
87a2 are circular shapes. The planar shape of the third
portion 87a3 is such shape that two opposing protrusions
are added to a circular shape. The planar shapes of the
first to third portions 87a1 to 87a3 are not limited to the
above-described shapes.
[0100] The cross-sectional area of the first portion
87a1 is larger than the planar area of the through-hole
86a1 of first external connection terminal 86a illustrated
in Fig. 17. The cross-sectional area of the second portion
87a2 is equal to or smaller than the planar area of the
through-hole 86a1. The cross-sectional area of the sec-
ond portion 87a2 is smaller than the cross-sectional area
of the first portion 87a1.
[0101] A maximum dimension between two points on
the outer peripheral edge when seen in plan view is a
width. In this case, the width of the third pin 87a3 is small-
er than the width of the first portion 87a1 and is larger
than the width of the second portion 87a2. It should be
noted that the planar shapes of the first and second por-
tions 87a1 and 87a2 are circular shapes and dimensions
of the diameters and the widths thereof are therefore the
same.
[0102] The second pin 87b has the same configuration
as that of the first pin 87a and has first to third portions
87b1 to 87b3. The cross-sectional area of the first portion
87b1 is larger than the planar area of the through-hole
86b1 of second external connection terminal 86b illus-
trated in Fig. 17. The cross-sectional area of the second
portion 87b2 is equal to or smaller than the planar area
of the through-hole 86b1.
[0103] In the embodiment, the diameters of the first
portions 87a1 and 87b1 of the first and second pins 87a
and 87b are 1.1 mm. The diameters of the second por-
tions 87a2 and 87b2 are 0.6 mm. The widths of the third
portions 87a3 and 87b3 are 0.75 mm. Dimensions of the
diameters and the widths of the first to third portions 87a1
to 87a3 and 87b1 to 87b3 are not particularly limited and
it is sufficient that they satisfy the above-described rela-
tions.
[0104] The first and second pins 87a and 87b are made
of a material containing appropriate metal. In the embod-
iment, each of the first and second pins 87a and 87b is
formed by laminating an Au layer on a main material
made of brass. As a foundation of the Au layer, a Ni layer
may be laminated on the main material made of brass.
[0105] By referring to Fig. 17 again, the piezoelectric
power generation device 81 includes the base member
89. The base member 89 is arranged such that the plu-
rality of first and second external connection terminals
86a and 86b are fastened between the base member 89
and the first portions 87a1 and 87b1 of the first and sec-
ond pins 87a and 87b illustrated in Fig. 20.
[0106] The base member 89 has, for example, a rec-
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tangular parallelepiped block shape. The shape of the
base member 89 is not particularly limited and may have
a case-like shape accommodating therein the plurality of
power generation elements 82.
[0107] The base member 89 has hole portions 89a1
and 89b1. The base member 89 is made of appropriate
resin. As the base member 89, for example, polyphe-
nylene sulfide (PPSG) containing glass fiber, or the like
can be used. In the embodiment, the content of the glass
fiber in PPSG is 40%.
[0108] A portion of the first pin 87a, which contains the
third portion 87a3, is inserted into the hole portion 89a1.
To be more specific, the first pin 87a is pressed into the
hole portion 89a1. The width of the third portion 87a3 is
larger than the width of a cavity of the hole portion 89a1.
The hole portion 89a1 of the base member 89 is however
deformed when the first pin 87a is pressed into the hole
portion 89a1 because the base member 89 is made of
resin. With the deformation, the portion of the first pin
87a, which contains the third portion 87a3, is inserted
into the hole portion 89a1. The first pin 87a is fixed to the
base member 89.
[0109] As described above, when the first pin 87a is
pressed into the hole portion 89a1, the plurality of first
external connection terminals 86a are fastened between
the first portion 87a1 and the base member 89. The first
portion 86a1 and the base member 89 press the plurality
of first external connection terminals 86a such that the
plurality of first external connection terminals 86a make
close to each other. This pressure causes the plurality
of first external connection terminals 86a to be deformed,
so that the plurality of first external connection terminals
86a make contact with each other. The plurality of first
external connection terminals 86a are thereby electrically
connected to each other.
[0110] The external connection terminal 86a of the
power generation element 82 which is the closest to the
first portion 87a1 among the plurality of power generation
elements 82 makes contact with the first portion 86a1
and is fixed in a state in which the plurality of first external
connection terminals 86a make contact with each other.
[0111] In the same manner, the width of the third por-
tion 87b3 of the second pin 87b is larger than the width
of a cavity of the hole portion 89b1. A portion of the sec-
ond pin 87b, which contains the third portion 87b3, is
inserted into the hole portion 89b1. The second pin 87b
is fixed to the base member 89 in a state in which the
plurality of second external connection terminals 86b are
electrically connected to each other. The widths of the
hole portions 89a1 and 89b1 are not particularly limited
but are 0.65 mm in the embodiment.
[0112] As illustrated in Fig. 21, a minimum dimension
between two points on the outer peripheral edge of the
third portion 87a3 of the first pin 87a when seen in plan
view is preferably smaller than the maximum dimension
between the two points on the outer peripheral edge
thereof. With these dimensions, the first pin 87a can be
easily pressed into the hole portion 89a1 of the base

member 89 illustrated in Fig. 17. More preferably, the
above-described minimum dimension of the third portion
87a3 is smaller than the dimension of the width of the
second portion 87a2. The first pin 87a can therefore be
pressed into the hole portion 89a1 more easily.
[0113] As illustrated in Fig. 17, the piezoelectric power
generation device 81 includes the flexible print substrate
88. The flexible print substrate 88 is fastened between
the first and second external connection terminals 86a
and 86b of the power generation element 82 which is the
closest to the base member 89.
[0114] The flexible print substrate 88 includes a base
material and a wiring formed on the base material. As
the base material, for example, polyimide or the like can
be used. As the wiring, appropriate metal such as Cu can
be used.
[0115] The flexible print substrate 88 has first and sec-
ond terminals 88a and 88b that are connected to the
above-described wiring. First and second through-holes
88a1 and 88b1 are provided in the first and second ter-
minals 88a and 88b and the above-described base ma-
terial. The second portions 87a2 and 87b2 of the first and
second pins 87a and 87b are inserted into the first and
second through-holes 88a1 and 88b1, respectively.
[0116] The first and second terminals 88a and 88b
make contact with the first and second external connec-
tion terminals 86a and 86b of the power generation ele-
ment 82 which is the closest to the flexible print substrate
88, respectively. The first and second terminals 88a and
88b are therefore electrically connected to the first and
second external connection terminals 86a and 86b, re-
spectively. The piezoelectric power generation device 81
is electrically connected to an external part with the flex-
ible print substrate 88 interposed therebetween.
[0117] It should be noted that the piezoelectric power
generation device 81 may be connected to a circuit sub-
strate or the like. As the circuit substrate, for example, a
circuit substrate configured by forming a wiring on a sub-
strate made of glass epoxy resin or the like can be used.
[0118] In the embodiment, the plurality of first external
connection terminals 86a are electrically connected to
each other with the first pin 87a and the plurality of second
external connection terminals 86b are electrically con-
nected to each other with the second pin 87b. Therefore,
the above-described connection can be easily performed
without using a bonding material. Accordingly, produc-
tivity can be enhanced.
[0119] When the above-described connection is per-
formed by soldering or the like, flexibility is easy to be
deteriorated in connected portions. Therefore, stress is
easy to be concentrated on the connected portions. For
avoiding this risk, in the embodiment, portions in which
the plurality of first external connection terminals 86a are
connected to each other and portions in which the plu-
rality of second external connection terminals 86b are
connected to each other are fixed by the first and second
pins 87a and 87b, respectively. With this configuration,
flexibility is hard to be deteriorated in the above-de-
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scribed connected portions and stress is hard to be con-
centrated thereon. Accordingly, breakage due to stress
that is repeatedly applied is hard to occur.
[0120] In addition, the area necessary for the above-
described connection is small, thereby reducing the pie-
zoelectric power generation device 81 in size.
[0121] Like first and second pins 117a and 117b in a
first variation on the fifth embodiment as illustrated in Fig.
22, projections 117c may be provided on the surfaces of
first portions 117a1 and 117b1, which make contact with
first and second external connection terminals. With the
projections, electric connection between the plurality of
first external connection terminals and electric connec-
tion between the plurality of second external connection
terminals can be made more reliably. It should be noted
that the number of projections 117c is not particularly
limited.
[0122] Like first and second pins 127a and 127b in a
second variation on the fifth embodiment as illustrated in
a front cross-sectional view in Fig. 23, the surfaces of
first portions 127a1 and 127b1, which make contact with
first and second external connection terminals, may be
inclined. To be more specific, they may be inclined such
that the thicknesses of the first portions 127a1 and 127b1
are smaller toward the inner sides of the surfaces from
the outer peripheral edges thereof. With such mortar
shapes of the first portions 127a and 127b, electric con-
nection between the plurality of first external connection
terminals and electric connection between the plurality
of second external connection terminals can be made
more reliably.
[0123] Fig. 24 is a perspective view of a piezoelectric
element in a sixth embodiment.
[0124] A piezoelectric power generation device in the
embodiment is different from the fifth embodiment in a
point that a plurality of first and second external connec-
tion terminals 96a and 96b of a power generation element
92 have cutout portions 96a1 and 96b1, respectively. The
piezoelectric power generation device in the embodiment
has the same configuration as that of the piezoelectric
power generation device 81 in the fifth embodiment other
than the above-described point.
[0125] In the embodiment, second portions of first and
second pins are inserted into the cutout portions 96a1
and 96b1 of the first and second external connection ter-
minals 96a and 96b, respectively. Also in the embodi-
ment, the plurality of first external connection terminals
96a are electrically connected to each other and fixed
with the first pin. In the same manner, the plurality of
second external connection terminals 96b are electrically
connected to each other and fixed with the second pin.
Accordingly, in the same manner as the fifth embodiment,
stress is hard to be concentrated in the above-described
connected portions and breakage due to stress that is
repeatedly applied is hard to occur. Furthermore, pro-
ductivity can be enhanced and reduction in size can be
achieved.

Reference Signs List

[0126]

1 PIEZOELECTRIC POWER GENERATION DE-
VICE
2A, 2B FIRST AND SECOND POWER GENERA-
TION ELEMENTS
3A, 3B SUPPORT BODY
3Aa, 3Ba UPPER SURFACE
3Ab, 3Bb LOWER SURFACE
3Ac, 3Bc SUPPORT PORTION
3Bc1 END PORTION
3Ad, 3Bd PROJECTING PORTION
4A, 4B PIEZOELECTRIC BODY
11 PIEZOELECTRIC POWER GENERATION DE-
VICE
12A, 12B FIRST AND SECOND POWER GENER-
ATION ELEMENTS
13A, 13B SUPPORT BODY
13Bb LOWER SURFACE
13Ac SUPPORT PORTION
13Ad, 13Bd PROJECTING PORTION
13Ad0 BASE PORTION
13Ad1 STEP PORTION
21 PIEZOELECTRIC POWER GENERATION DE-
VICE
22 POWER GENERATION ELEMENT
31 PIEZOELECTRIC POWER GENERATION DE-
VICE
41 PIEZOELECTRIC POWER GENERATION DE-
VICE
42A, 42B FIRST AND SECOND POWER GENER-
ATION ELEMENTS
43A, 43B SUPPORT BODY
43Ac, 43Bc SUPPORT PORTION
51 PIEZOELECTRIC POWER GENERATION DE-
VICE
52A, 52B FIRST AND SECOND POWER GENER-
ATION ELEMENTS
53A, 53B SUPPORT BODY
53Ba UPPER SURFACE
53Bc SUPPORT PORTION
53Bd PROJECTING PORTION
55 RECESS PORTION
62A FIRST POWER GENERATION ELEMENT
63A SUPPORT BODY
63Ad PROJECTING PORTION
72A FIRST POWER GENERATION ELEMENT
73A SUPPORT BODY
73Ad PROJECTING PORTION
81 PIEZOELECTRIC POWER GENERATION DE-
VICE
82 POWER GENERATION ELEMENT
83Aa, 83Ab FIRST AND SECOND OUTER ELEC-
TRODES
83Ba, 83Bb FIRST AND SECOND INNER ELEC-
TRODES
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84 PIEZOELECTRIC BODY
84a UPPER SURFACE
84b LOWER SURFACE
84c SIDE SURFACE
84X PIEZOELECTRIC ELEMENT
85 COVER LAYER
86a, 86b FIRST AND SECOND OUTER ELEC-
TRODES
86a1, 86b1 THROUGH-HOLE
87a FIRST PIN
87a1 TO 87a3 FIRST TO THIRD PORTIONS
87b SECOND PIN
87b1 TO 87b3 FIRST TO THIRD PORTIONS
88 FLEXIBLE PRINT SUBSTRATE
88a, 88b FIRST AND SECOND TERMINALS
88a1, 88b1 FIRST AND SECOND THROUGH-
HOLES
89 BASE MEMBER
89a1, 89b1 HOLE PORTION
90a, 90b CONDUCTIVE ADHESIVE
92 POWER GENERATION ELEMENT
96a, 96b FIRST AND SECOND EXTERNAL CON-
NECTION TERMINALS
96a1, 96b1 CUTOUT PORTION
101 PIEZOELECTRIC POWER GENERATION DE-
VICE
102 POWER GENERATION ELEMENT
103 SUPPORT BODY
117a, 117b FIRST AND SECOND PINS
117a1, 117b1 FIRST PORTION
117c PROJECTION
127a, 127b FIRST AND SECOND PINS
127a1, 127b1 FIRST PORTION

Claims

1. A piezoelectric power generation device comprising
a plurality of power generation elements each of
which includes:

a support body configured by a plate-like planar
portion having one main surface and the other
main surface and a projecting portion projecting
from a center portion of the other main surface
of the planar portion, and
a piezoelectric body provided on the one main
surface of the planar portion, and
is arranged such that the piezoelectric body
overlaps with the projecting portion when the
support body is seen in plan view along a direc-
tion perpendicular to the one main surface of the
planar portion,
wherein the plurality of power generation ele-
ments overlap with one another in the direction
perpendicular to the one main surface,
the support body in at least one power genera-
tion element of a pair of adjacent power gener-

ation elements includes a plurality of leg portions
projecting from a peripheral edge portion of at
least a main surface of the one main surface and
the other main surface of the planar portion at
the other power generation element side, the
peripheral edge portion being located in an outer
side portion relative to the center portion, and
the plurality of power generation elements over-
lap with each other with the leg portions inter-
posed between the power generation elements
such that the other main surface of the support
body of one power generation element of the
pair of adjacent power generation elements and
the one main surface of the support body of the
other power generation element oppose each
other.

2. The piezoelectric power generation device accord-
ing to Claim 1,
wherein when the piezoelectric body of one power
generation element of the pair of adjacent power
generation elements is pressed to the other main
surface side, the piezoelectric body of the other pow-
er generation element is pressed by the projecting
portion of the one power generation element.

3. The piezoelectric power generation device accord-
ing to Claim 1 or 2,
wherein the projecting portion of the support body of
each power generation element makes contact with
the piezoelectric body of another power generation
element, which directly overlaps with the power gen-
eration element at the other main surface side.

4. The piezoelectric power generation device accord-
ing to any one of Claims 1 to 3,
wherein the support body of at least one power gen-
eration element among the plurality of power gener-
ation elements is formed such that a thickness of a
center portion of the projecting portion is larger than
a thickness of a peripheral edge portion located in
an outer side portion relative to the center portion.

5. The piezoelectric power generation device accord-
ing to Claim 4,
wherein the projecting portion has a step portion of
equal to or more than one stage.

6. The piezoelectric power generation device accord-
ing to any one ot Claims 1 to 5,
wherein the planar portion of the support body has
a polygonal shape and the leg portions project from
vertices of a polygon of the planar portion having the
polygonal shape.

7. The piezoelectric power generation device accord-
ing to any one of Claims 1 to 6,
wherein the projecting portion of the support body of
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at least one power generation element among the
plurality of power generation elements has a circular
planar shape when the support body is seen in plan
view along the direction perpendicular to the one
main surface of the planar portion.

8. The piezoelectric power generation device accord-
ing to any one of Claims 1 to 7,
wherein the support body includes a plurality of leg
portions projecting from the other main surface of
the planar portion, and positions of end portions of
the leg portions at a farther side from the other main
surface are positions which are farther from the other
main surface relative to the projecting portion.

9. The piezoelectric power generation device accord-
ing to any one of Claims 1 to 8,
wherein the respective power generation elements
include external connection terminals which are
electrically connected to the piezoelectric bodies and
have one of through-holes and cutout portions in out-
er side portions of the piezoelectric bodies,
the piezoelectric power generation device further in-
cludes:

a pin that has first, second, and third portions
and has a configuration in which a cross-sec-
tional area of the second portion is smaller than
a cross-sectional area of the first portion, and a
width of the third portion is smaller than a width
of the first portion and is larger than a width of
the second width, and the second portion of
which is inserted into one of the through-holes
and the cutout portions of the external connec-
tion terminals of the respective power genera-
tion elements, and
a base member that has a hole portion into which
a portion of the pin containing the third portion
is inserted and is arranged so as to fasten the
plurality of external connection terminals togeth-
er with the first portion of the pin, and

the pin is fixed to the base member.

10. The piezoelectric power generation device accord-
ing to Claim 9,
wherein the external connection terminals of the plu-
rality of power generation elements are arranged so
as to be aligned in a direction in which the plurality
of power generation elements are laminated,
the external connection terminal of the power gen-
eration element which is the closest to the first portion
of the pin among the plurality of power generation
elements makes contact with the first portion, and
the plurality of external connection terminals make
contact with each other.

11. The piezoelectric power generation device accord-

ing to Claim 9 or 10,
wherein a projection is provided on a surface of the
pin on which the first portion makes contact with the
external connection terminal.

12. The piezoelectric power generation device accord-
ing to Claim 9 or 10,
wherein a surface of the pin on which the first portion
makes contact with the external connection terminal
is inclined such that a thickness of the first portion is
decreased toward an inner side from an outer pe-
ripheral edge of the surface.

13. A piezoelectric power generation device comprising
a power generation element that includes:

a support body configured by:

a plate-like planar portion having one main
surface and the other main surface;
a projecting portion projecting from a center
portion of the other main surface of the pla-
nar portion, and
a plurality of leg portions projecting from a
peripheral edge portion of at least one of
the one main surface and the other main
surface of the planar portion, the peripheral
edge portion being located in an outer side
portion relative to the center portion, and

a piezoelectric body provided on the one main
surface of the planar portion, and
is arranged such that the piezoelectric body
overlaps with the projecting portion when the
support body is seen in plan view along a direc-
tion perpendicular to the one main surface of the
planar portion,
wherein the planar portion of the support body
has a polygonal shape, and the leg portions
project from vertices of a polygon of the planar
portion having the polygonal shape.

14. The piezoelectric power generation device accord-
ing to Claim 13,
wherein in the power generation element, the leg
portions are support points, the piezoelectric body
is a force point, and the projecting portion is an action
point, and
when the piezoelectric body is pressed to the other
main surface side, the projecting portion acts on an
external part.

27 28 



EP 3 285 390 A1

16



EP 3 285 390 A1

17



EP 3 285 390 A1

18



EP 3 285 390 A1

19



EP 3 285 390 A1

20



EP 3 285 390 A1

21



EP 3 285 390 A1

22



EP 3 285 390 A1

23



EP 3 285 390 A1

24



EP 3 285 390 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 285 390 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 285 390 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 11031854 A [0004] • JP 2008311529 A [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

